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I.  - INTRODUCTION 


The  purpose  of  this  short  study  is  a first  investigation  of  Poly  + 
seal  feasability  using  ONES  techniques,  with  providing  testing  specimens  in 
a cylindrical  form. 

Using  a special  device  fabricated  by  the  GT  Schjeldahl  cy,  these- 
specimens  will  be  tested  to  look  for  tensile  and  shear  strength  capabilities 
under  various  loads* 

t 

For  seals  definition  and  characterization  a series  of  tests  have 

been  conducted  on  the  candidate  material  and  on  different  seal  specimens* 

} 

i 

! ‘ 

2 . - DESCRIPTION  OF  FILM  SAMPLES  I j 

— j 

Two  samples  of  Poly  + were  forwarded  to  the  ONES  by  the  NCAR  (pieces  1.10  a 
vide  and  about  3 m long)  - this  material  is  composed  of  20  p,  Polyethylene  and 
Polyester  grid  J 1.6  yam/cm  in  the  machine  direction  (kd)  intersecting  1 yarry'cm 
at' approximately  63*  (dd)  with  the  MD  yarns, 

(weight  s 33  g/m2).  ' 

• 

3.  - ONES  SEALING  TECHNIQUES  t 

- Seal  (and  reinforcement)  of  strato  balloons  gores  is  based  on  the 

use  of  strength  and  heat  sealable  material,  called  " TRIPLEX  n*  They  are  tapes 
(25  mm  - 1M  vide)  made  of  s 

> 

For  strength  t 12 JJL  Terphane  polyester  film  (Mylar) 

For  strength  and  untearability  i ^2 Jl  Terphane  + grid  t 

• 2 or  1 yarns/cm  in  both  directions  MD  and  TD, 

' called  G (2x2)  or  G (ixl) 

• Tri -axial  grid  (2  yams/cm  MD  - 1 yarr/cm  82w  DD) 

For  sealability  t Polyethylene  or  other  sealable  coating*  (lO  to  20yw,  ) 

; • 

* * 

P£  PE+Varrx' 

rrrir/fm 777^  po/t/esferlZjH  7/ ?j5, 

*“  PC  pc 

I 

. 

• • ! .• 


In  the  following  tests  we  retained  t 

Triplex  20.12.20  (PE  20  - Terphane  12  - PE  20) 

10.12.10  (PE  10  - * - PE  10) 

Scrim  Triplex  10.1 2.G  (2x2).  10  (PE  10  - T12  - Yam  - PE  10) 

GT  300  (1/2-1/2)  ordered  to  GT  Schjeldahl  U.K. 

- The  sealing  technique  is  the  following  t 


1.  — Edging  and  cutting  of  the  gore. 


TArPB 


fCUTTlMCr 


(r ORE  C^C-j  POL.Y  .■) 


2*  - Edge  to  edge  sealing  with  overlapped  tapes. 


■ ttxfa. 


Oorb 


CrOKB 


TAPSS 


♦ Edging  corresponds  to  a "soft"  seal  to  avoid  stresses  concentrations  when 
the  base  film  reaches  the  edging  tape. 

\ 

• Overlapping  corresponds  to  a "strong"  seal. 

« In  these  operations,  tapes  are  used  as  a heat  quantity  transfert  strip. 


4.  - SEALING  OPERATIONS  t 

Within  the  samples  dimensions,  we  have  not  used  strato  balloons  equipments.! 
All  the  sealing  operations  have  been  made  with  a machine  specially  used  for 
spherical  ji  0.50  to  1 m.  balloons  manufacturing.  ' 

Heat  rolls  of  this  device  are  not  working  in  the  way  of  strato  balloons 
machines  (Seal  temperatures  were  between  130*C  and  140*C)  - Temperature  acqui- 
sition is  not  so  accurate).  Cutting  operation  has  been  handly  made. 
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4.1 • - Edging  specimens 

# 

t 

Vo  provide  several  samples  t 

• Edging  (PE  side)  Poly  + applied  to  20.12.20  tape 

" - ■ " " 10.12.10  ■ | 

" * ■ " ■ 10.12.6  (2x2).10  tape 

| • 

i 

• Edging  (grid  side)  Poly  + applied  to  GT  300  tape 

" ■ " " ■ " 20.12.20  " 

■ ■ " • " " 10.12.10  " 


sample  nb 
(*  unsuppliec 


I.  5 * 
I.  6 * 


Ve  met  any  problem  for  this  operation,  only  with  the  "Edging 
Poly  + (grid  size)  with  Triplex  tape". 

In  this  case,  the  peeling  strength  is  very  weak  t presence  of  adhesive, 
confirmed  by  the  high  quality  seal  of  GT  300  applied  to  this  side  of 

the  Poly  + t j • 

i 

4.2.  - Peeling  specimens  t a strip  of  25  mm  vide  - HD  Poly  ♦ sealed  on 


different  tapes. 

* * 

• (PE  side)  Poly  + applied  to  20.12 .10  tape 

■ « " . " 10.12.10  " 

• (Grid  side)  Poly  + applied  to  20.12.20  " 

■ ■ ■ " * 10.12.10  " 

" " « « " GT  300  " 


II.  1 * 
II.  2 * 

II.  3 * 
II.  4 * 
II.  5 * 


4.3.  - Sealing  specimens  « 


The  edge  to  edge  sealing  operations  vith  overlapped  tapes  have  been 
made  in  the  following  way  t 


Edging 

HD  and  TD  - 20.12.20  tape 
TD  - 10.12.10  tape 
MD  and  TD  - 10.12.10  tape 
H|D  and  TD  - 20.12.20  tape 

TD  - 10.12.10  tape 
TD  - GT  300  tape 


Side  !! 

Poly  1 1 2 2 (20.12.20)  tapes 

Poly  !!  2 2 (l0.12.10)  tapes 

Poly  j,  2 (10. 12.10)  tapes  (l) 
Poly  II  2 (20. 12. 20)  tapes  (l) 

Poly  \\  10*12*10  taPe 

y I ) GT  300  tape  - grid  sids 


Sealing 


Grid 


I P GT  300  tape  - grid  side 

I j 10.12.10  tape  - Poly 
ip  GT  300  tape  /side 
II  I 


Sample  nb 
III.  1 
III.  2 
III.  3 
III.  4 


[ III. 
[ III. 


(T) sealing  operation  made  on  one  of  the  strato  balloon  machines. 


• ••/••• 


- sAl 
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- We  also  manufacture  seals  with  reinforced  tapes  (GT  300  or  Triplex)  but 
specimens  are  to  small  to  be  provided* 

- Edging  in  the  TD  direction  have  been  done  for  tensile  tests* 


- All  these  operations  were  easily  conducted,  however  we  met  some  difficulties 
for a good  position  of  the  two  films  to  be  sealed  edge  to  edge*  We  also 
saw  that  the  quality  of  heat  rolls  coating  was  not  good  enough  to  avoid 
blocking  effect  on  the  outside  poly  of  seal  tapes  (with  no  influence  on 
mechanical  characteristics)  - These  two  factors  will  not  be  on  strato 
balloons  equipments* 

] 

5.  - TESTS  AND  RESULTS  I 


Within  delay  problems,  we  had  to  limit  tests*  We  looked  only  for  mecha- 
nical characteristics  mainly  at  ambient  temperature* 

5*1*  - Peeling  tests 

Experiment  t*25  mm  vide  tape  sealed  on  the  poly  + (md). 

• tests  on  the  Instron  machine  at  21*  C* 

• 10  mny/mn  strain  speed  - 80  non  peeling  length* 

Tests  results  on  table  1 - Typical  curve  Fig*  1 


Peeling  strength  of  Poly  + on  to  either  Triplex  — Poly  side  either 
GT  300  - grid  side  is  nearly  the  same.  It  is  of  a very  good  quality*  In  each 
case  we  noticed  that  PE  of  the  Poly  + stays  on  the  tape  after  peeling* 


For  the  peeling  strength  of  Triplex  on  to  the  grid  side,  we  recorded 
very  low  values* It  is  too  early  to  conclude  on  the  definitive  reject  of  Triplex 
tape  edging  and  sealing  on  to  Poly  + (grid  side)  because  * 


limited  number  of  tests  ' 

unknovledge  of  Poly  + manufacturing  (presence  of  adhesive) 
and  however  good  quality  of  shear  strength  (on  Instron  machine  - 
uniaxial  test)  of  the  seai  with  Triplex  on  the  grid  side  Poly  +• 


.../  • • « 
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5.2.  - Uniaxial  tensile  tests  (Machine  direction) 

Uniaxial  tensile  tests  have  been  done  on  the  different  seals  (across 
the  seed  direction)  and  on  the  base  film  Poly  + for  reference. 


It  ambient  temperature  t 21*  C 


• Each  value  is  the  average  of  n specimens  defined  on  table  2 . • 

• 25  mm  vide  - 100  nun  long  specimens • 


Ve  record  t , max  tensile  strength  Eg/cm 

I 

A , elongation  (max  strength)  % 

(50  mn/mn  strain  speed)  I 

E , elasticity  modulus  (lj£  strain)  g/cm 
(2  mn/mn  strain  speed) 


At  lov  temperature  - 60°  C (limited  tests) 

Fm  , Eg/cra 

A , % 

(l0  mn/mn  strain  speed)  1 

Test  results  (see  table  2)  - Typical  curves  Fig.  2. 


Vithin  limited  number  of  tests,  ve  must  carefully  conclude  on  the  actual 


values  recorded  (peculiarly  for  modulus  values).  However  for  all  these  tests 
conducted  on  seals  specimens  each  rupture  was  in  the/base  filmland  never  in 


•the  seal  i-tself.  Seal  strength  characteristics  remains  the  same,  compared  to 
the  base  film  Poly  +.  We  never  sav  difference  among  the  different  tapes  used 
for  edging  or  sealing  (Triplex  or  GT  300 ). 


! » ■ * 

6.  - CYLINDER  SPECIMEN  I 



. * 

These  first  results  conduct  the  manufacturing  of  the  cylinder  specimen 
(ff  14 " - 50"  long)  in  the  folloving  vay  t . 

N.B  - Preliminary  tests  and  samples  dimensions  did  not  allov  to  realize  more 


than  one  cylinder. 


Two  types  of  seal  t edging  with  10.12.10  tape  and  edge  to  edge 
sealing  with  overlapping  tapes  t 

2 x (lO. 12.10)  1 seals  nb  2 and  A 
1 x (l0.12.10)  and  1 x (GT  300)  applied  to  yarn  t 
seals  nb  1 and  3 

n£>  2 cuW  *4  hb  >1  ciAnct  3 


7.  - CONCLUSION 

Seals  have  been  done  easily  - the  few  difficulties  ve  met  vill  be  moved 
avay  in  using  all  the  strato  balloons  devices  (We  work  presently  on  a cutting 
device  set  up  with  the  actual  edging  device  for  scrim  material  - The  first 

results  are  very  positive  - It  appears  that  our  sealing  techniques  are  fitted 

* 

to  the  high  quality  material  Poly  +• 

Jt  remains  to  choose  the  tape  for  the  edging  of  Poly  + in  the  case  where 
it  will  be  necessary  to  edge  the  grid  side. 


Accurate  conclusions  will  be  done  after  cylinder  tests  and  after  works 
achieved  on  larger  quantities.  I 
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POLY-PLUS  DEVELOPMENT  PROGRAM  - SUMMARY  AND  STATUS 

Schjeldahl,  under  the  sponsorship  of  the  National  Scientific  Balloon 

\ 

Facility  and  the  Office  of  Naval  Research,  has  been  examining  the  feasibility 
of  employing  Dacron  yarn-reinforced  polyethylene  film  (Poly-Plus)  and  new 
fabrication  techniques  and  equipment  to  produce  free  flight,  heavy  load 
balloons  at  a significant  cost  saving  compared  to  the  conventional  Mylar- 
scrim  heavy  load  balloons. 

This  report  summarizes  the  overall  scope  and  schedule  of  the  Poly-Plus 
Program  which  has  been  on-going  for  the  last  several  years  and,  more  im- 
portantly, presents  the  status  of  the  program  - what  has  been  done,  results 
to  date,  and  work  remaining  to  be  accomplished.  For  purposes  of  brevity, 

the  program  summary  and  status  is  identified  in  the  attached  Figures  1 and 

! 

2 and  Tables  1 and  2.  A more  general  discussion  follows. 

. 

Feasibility' of  producing  reinforced  polyethylene  was  examined  under  an 
earlier  contract  with  NSBF.  The  structural  properties  achieved  in  this 
material  were  equal  or  superior  to  those  of  Mylar-scrim. 

During  1973,  various  seam  techniques  and  sealing  equipment  were  exam- 
ined. This  study  uncovered  work  being  done  by  French  balloon  manufacturers 
in  sealing  of  unsupported  polyethylene  film  balloons  having  taped,  butt  joints 
similar  to  those  used  in  Mylar-scrim  balloons.  This  seam  configuration  is 
known  to  give  much  higher  joint  efficiencies  than  the  usual  polyethylene  fin 
seal  but  is  prohibitively  expensive  when  made  on  conventional,  low  speed 
American  equipment.  The  exciting  aspect  of  the  French  sealing  method  is  that 
production  speeds  are  nearly  equal  to  those  of  polyethylene,  fin  seal  equip- 
ment (l.e.  30  to  40  ft/mln). 

I 


As  a result,  the  Foly-Plus  Program  was  modified  to  Include  production 
of  additional  poly-plus  which  was  supplied  to  the  French  for  evaluation  on 
their  sealing  equipment  in  the  presence  of  NSBF,  ONR  and  Schjeldahl  repre- 
sentatives. 

The  results  were  so  encouraging  that  a joint  program  was  outlined, 
reflected  in  this  report,  involving  French  and  United  States  balloon  users 
and  manufacturers  to  continue  development  of  the  material  and  technology 
required  for  balloon  fabrication.  In  brief,  the  United  States  would  assume 
responsibility  for  balloon  design  and  for  production  of  the  poly-yarn  laminates. 
Using  these,  the  French  would  fabricate  a 50,000  cubic  foot  test  balloon  which 
would  be  instrumented  and  Inflated  in  an  enclosed  building  in  the  United 
States  for  design  evaluation  testing.  There  would  be  no  interchange  of  funds 
between  France  and  the  United  States.  At  the  conclusion  of  this  test,  an 

evaluation  report-  would  be  prepared  by  Schjeldahl  summarizing  the  results 

I 

of  all  phases  of  the  program  and  presenting  price  estimates  for  manufacturing 
various  size  Poly-Plus  balloons.  These  prices  would  be  based  upon  actual 

S 

material  fabrication  price  data  and  real  sealing  rates  experienced  by 
CNES/Zodiac  in  building  the  test  balloon. 

i 

It  appears  now  that,  depending  upon  the  availability  of  funding,  that 
the  Poly-Plus  Program  will  be  completed  during  the  calendar  year  1974.  Assum- 
ing that  the  results  of  the  program  verify  the  cost  effectiveness  of  Poly- 
Plus  balloons  (i.e.  the  program  is  successful),  the  following  list  of  problem 
areas  must  be  addressed: 

A.  Once  cost  effectiveness  is  verified,  it  still  remains  to  build 
and  flight  test  a representative  size  Poly-Plus  Balloon 
(i.e.  a 3,000,000  ft^  volume  balloon).  This  is  the  final  proof 
of  price  and  performance.  It  is  recommended  by  Schjeldahl  that 

, ' t 

44 


this  work  should  be  accomplished  in  Che  Government's  FY  '75 
with  a flight  test  in  the  summer  of  1975.  Assuming  the  Develop- 
ment Program  is  successful,  funding  required  is  estimated  as 


follows : 

. Non-Recurring  — — $ 30,000 

(Design,  Drawings,  Component  Test) 

. Fabrication  $ 12,000 

. Flight  Test  Support $ 2,000 

TOTAL  $ 44,000 


B.  Implementation  of  (A)  above  requires  the  purchase,  instal- 
lation, and  checkout  of  the  high  speed,  gore  cutting  and  seal- 
ing equipment  that  has  been  developed  by  CNES.  This  equipment, 
which  la  key  to  low  balloon  fabrication  costs,  can  be  purchased 
from  CNES  and  installed  in  Schjeldahl's  plant.  Based  upon 
conversations  with  CNES,  the  price  to  purchase  this  equipment 
(i.e.  Chinese  copy)  is  approximately  $45,000.  An  additional 
$10,000  would  be  required  for  its  installation  and  checkout. 

j 

It  is  recommended  by  Schjeldahl  that  a Poly-Plus  Program  coordination 
meeting  be  held  at  Schjeldahl's  plant  sometime  in  May  of  this  year  to  discuss 
the  contents  of  this  document,  update  schedules,  and  review  responsibilities 

and  funding  for  the  remaining  work.  Since  NSBF  is  the  lead  group  on  Poly- 

! 

Plus,  it  is  recommended  that  Mr.  Mike  Pavey  coordinate  such  a meeting. 


( 
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TABLE  I 

POLY-PLUS  DEVELOPMENT  PROGRAM  CONTRACT  SUMMARY 


ACTIVITY 

SPONSOR 

CONTRACT  PRICE 

EST.  PRICE 

1. 

Program  Definition 

NCAR/ONR/GTS 

N/A 

N/A 

2. 

Hand  Samples 

NCAR 

$5,500 

3. 

Initial  Machine  Run 

NCAR 

7,500 

4. 

Pilot  Run  Lamination 

ONR 

1,500 

5. 

Fin  Seal  Test 

NCAR 

4,700 

6. 

Tape  Seal  Fab/Test 

ONR/CNES 

1,500 

7. 

Tape  Seal  Test/Selection 

ONR 

1,800 

w i 

8. 

Hardware  Design 

ONR 

4,500 

9. 

Hardware  Test 

ONR 

1,000 

10. 

Appendage  Design 

TBD 

$8,800 

11. 

Appendage  Test 

TBD 

1,000 

12. 

Balloon  Matl.  Lam. 

NCAR 

6,800 

13. 

Balloon  Drawings 

TBD  J> 

9,000 

14. 

Hardware  Fabrication 

c TBD  , 

1,500 

15. 

Envelope  Fabrication* 

CNES/Zodiac 

4,000 

16. 

Balloon  Assembly 

TBD  y 

5,000 

17. 

Balloon  TEST 

NCAR 

5,000 

. 

♦Activity  No.  15  to  be  performed  by  CNES  et  no  cost  in  Zodiac  plant  in 
Toulouse,  Prance.  GTS  to  vitueaa  fabrication. 
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of  laminate.  tension,  lamination  temperature 

pressure  and  speed  were  identi- 
fied. 
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1.0  INTRODUCTION 


Sheldahl,  under  sponsorship  of  the  Office  of  Naval  Research  and  the  National 
Scientific  Balloon  Facility,  has  been  studying  the  use 'of  Poly  Plus  material 
for  free  flight,  heavy  load  balloons  as  a significant  cost  savings  compared  to 
conventional  Dacron*  reinforced,  Mylar*  balloons.  Poly  Plus  is  a generic  name 
for  polyethylene  film  reinforced  with  multiaxial  arrays  of  equally  spaced,  ’ 
parallel  yarns,  adhesive  bonded  to  one  side  of  the  film  and  intended  for  use  in 
balloons  and  similar  flexible  structures  (see  Figure  1).  The  film  thickness, 
and  the  spacing,  angle  and  size  of  the  yarns  may  be  varied  to  suit  different 
applications . 

The  feasibility  of  manufacturing  Poly  Plus  was  verified  under  an  earlier 
contract  with  NSBF  (Reference  1).  The  structural  properties  achieved  were 
equal  to  or  superior  to  those  of  Dacron  reinforced  Mylar  counterparts. 

During  1972  and  1973,  various  seam  technologies  were  examined.  Taped, 
butt"type  seams,  similar  to  those  used  on  reinforced  Mylar  balloons  were  shown 
to  yield  higher  joint  efficiencies  than  the  fin,  heat  seal  commonly  used  on 
unreinforced,  polyethylene,  balloons.  However,  butt-type  seams  are  normally 
several  times  more  expensive  than  fin  seams  because  of  low  process  speeds 
afforded  by  most  conventional  equipment.  Equipment  recently  developed  in 
France  forms  butt-type  seams  at  speeds  comparable,  to  current  fin  seaming 
equipment  (30  to  30  feet  per  minute).  The  development  program  was  modified 
to  include  evaluation  of  this  equipment  for  seaming  Poly  Plus. 

Butt-seam  specimens  on  Poly  Plus  using  a wide  variety  of  tapes  were 
manufactured  and  tested  in  France  by  Zodiac  Espace,  Toulouse  by  arrangement 

*Du  Font  Tradema rk . 
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with  the  Balloon  Systems  and  Projects  Division  of  the  Centre  National 
D'ttudes  Spatiales  (CNES).  Satisfactory  seams  were  readily  achieved  and  the 
test  results  on  the  various  configurations  were  so  similar  that  selection  of 
the  best  combination  was  difficult. 

The  field  of  alternatives  was  reduced  to  three.  Specimens  of  these  on 
Poly  Plus  were  incorporated  into  cylindrical  sleeve  specimens  and  tested  by 
Sheldahl  under  biaxial  tensile  and  shear  loading  to  further  characterize  the 
material  and  seams. 

A considerable  number  of  very  small  holes  was  found  in  the  film  during 
the  cylinder  tests.  An  investigation  was  conducted  to  determine  the  cause 
and  corrective  action. 


IS 


2.0  TEST  SPECIMENS 


2.1  Base.  Material 

The  particular  Poly  Plus  configuration  used  for  the  seal  evaluations 
described  herein  consisted  of  1.0  mil  thick  Stratofilra*  reinforced  with  220 
denier,  high  tenacity,  Dacron  yarns  as  illustrated  in  Figure  1.  The 
material  was  manufactured  by  Sheldahl  on  custom  laminating  machinery  equipped 
for  positioning  the  yarns. 

2,2  Cylinder  Test  Specimens 

Sleeves  incorporating  the  three  seam  types  were  manufactured  by  Zodiac  in 
France.  All  seams  incorporated  "edging",  "overlapping"  and  "bi"-tapes  as 
shown  in  Figure  2.  All  tapes  used  were  approximately  25  mm  (1  inch)  wide. 

The  tapes  designated  in  Figure  2 have  the  following  make-up: 

e 12. 12R. 12  - 0.5  mil  Terphane**  film  (oriented  in  the  machine 

direction)  coated  with  0.5  mil  of  polyethylene  on  both  sides 

• 12.12G.18  - 0.5  mil  Terphane  film  reinforced  with  220  denier 
yarns  (2/ inch  in  M.D.  and  5 /inch  in  T.D.  at  84°  to  M.D.).  The 
film  side  is  coated  with  0.5  mil  of  polyethylene  and  the  yarn 
side  with  0.75  mils  of  polyethylene. 

• GT -300  - 1.0  mil  Mylar  film  coated  on  one  side  with  1.0  mil  of 
thermoplastic,  polyester  adhesive. 

• GT-12.  - 0.5  mil  Mylar  film  reinforced  with  a leno  weave,  Dacron 

scrim  (220  denier  in  an  8/in.  x 12/in.  weave ) . The  yarn  side  is 

coated  with  1.0  mil  of  thermoplastic,  polyester  adhesive. 

*T.M.  Winze:;,  Research  Inc. 

polyester  film  manufactured  in  Europe. 
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Figure  2.  Configuration  of  Seams  Used  on  Poly-Plus 
Cylinder  Test  Specimens 


A noteworthy  feature  of  these  seams  is  the  edging  tapes  which  are  applied 
at  the  time  the  panels  (of  Poly  Plus)  are  cut  to  profile.  F.dging  tapes  are 
bonded  to  the  panel  edge  with  a heated  wheel  in  which  a thermal  gradient  is 
maintained  along  its  axis  from  a high  temperature  at  the  wheel  face  near  the 
panel  edge  to  a lower  temperature  at  the  wheel  face  nearest  to  the  panel 

Tills  graduates  the  strength  of  the  bond  transverse  to  the  seam  and 


center . 


reduces  the  large  stress  discontimiously  ordinarily  produced  at  the  edges  of 
uniformly  bonded,  lap-joints.  The  overlapping  tape  and  the  bi-tape  are 
thermally  bonded  in  place  when  the  edged  panels  are  butted  together. 

The  cylindrical  sleeves,  44  inches  in  circumference,  consisted  of  three 
rectangular  panels  of  Poly-Plus  joined  by  three  identical  seams  parallel  to 
the  sleeve  axis.  Sufficient  sleeving  was  furnished  to  make  at  least  five 
sleeve  test  specimens  each  50  inches  long. 

Prior  to  cutting  the  sleeve  panels,  Zodiac  inspected  the  Poly-Plus  and 
marked  anomalies  in  the  yarn  pattern  such  as  broken  or  displaced  yarns. 
Several  small  (0.02  inch  to  0.05  inch  diameter)  holes  in  the  film  were  also 
identified.  A number  of  additional  holes  were  located  by  Sheldahl  when  the 
cylinder  specimens  were  mounted  on  the  test  fixture  (Para.  3).  An  investiga- 
tion was  made  to  determine  the  cause  of  the  holes. 

2.3  Coupon  Specimens  of  Seams 

Uniaxial  tensile  tests  on  seams  cut  from  surplus  sleeve  material  were 
conducted  to  compare  the  efficiency  of  the  various  seam  types. 


3.0  TESTING 


3.1  Cylinder  Test  Apparatus 

The  general  arrangement  of  the  test  fixture  is  shown  in  Figure  3.  The 
fixture  consists  of  a fixed  circular  end  plate  and  a moveable  end  plate  of  the 
same  size.  When  a cylindrical  sleeve  of  flexible  material  is  clamped  to  the 
plates.  Figure  3(d),  tensile  stresses  may  be  applied  to  the  sleeve  by  internal 
pressure  and  by  axial  displacement  of  the  moveable  end  plate.  The  moveable 
end  plate  is  rotated  about  the  common  axis  to  apply  shear  loads  to  the  sleeve. 

Specimen  grips  consist  of  rubber  gaskets  placed  inside  and  outside  the 
sleeve  and  a band  damp  positioned  around  the  periphery  of  the  two  end  plates 
(Figure  3d). 

An  environmental  chamber,  Figure  3(e),  fits  over  the  mounted  sleeve 
specimen.  Liquid  nitrogen,  vaporized  in  the  lower  duct  is  circulated  over  the 
specimen.  The  temperature  is  controlled  by  a conventional,  set-point  control 
module  with  feedback  provided  by  thermocouples  mounted  inside  and  outside  the 
specimen. 

A more  detailed  discussion  of  the  apparatus  is  contained  in  Reference  3. 
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(a)  Chamber  and  Specimen  Mount  Separated  (b)  Chamber  Positioned  over 

Specimen  Mount 


(c)  Cross  Section  of 

Specimen  Mount  Showing 
Drive  Elements 


MH  (U« 


(d)  Cross  Section  of 
Mounted  Specimen 


(e)  Cross  Section  Showing 
Air  Circulation  in  Cold 
Chamber 


Figure  3.  Construction  Details  of  Cylinder  Test  Apparatus 


A 
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3.2  Cylinder  Test:  Procedure 


The  cylindrical  specimens  were  mounted  by  sliding  them  into  position  over 
the  moveable  end  plate.  After  applying  the  rubber  gaskets  and  making  certain 
that  the  sleeve  was  free  from  twists  and  wrinkles,  the  band  clamp  was  securely 
tightened  over  each  end  plate. 

A small  (5  to  10  inches  I^O)  internal  pressure  was  applied  to  the  sleeve 
and  the  surface  inspected  for  small  leaks.  Small  holes  were  located  in  all  of 
the  cylinders  tested.  The  leaks  were  covered  with  patches  of  3M  Y491  tape  to 
permit  better  control  of  internal  pressure  during  the  test. 

After  positioning  the  cold  chamber  over  the  specimen,  the  coolant  flow 
was  started  and  the  specimen  temperature  lowered  to  -90°  £ 5°F  (-68°+  2°C). 
Internal  air  pressure  and  the  load  on  the  axial  drive  were  raised  to  pre- 
determined levels  and  the  moveable  end  plate  was  rotated  until  failure 
occurred.  Relations  between  material  load  and  test  fixture  drive  forces  are 
indicated  in  Figure  4. 

The  hoop  (transverse  direction)  and  axial  (machine  direction) loads  were 
selected  to  simulate  the  load  conditions  which  might  reasonably  exist  in  the 
wall  of  a free  flight  balloon  during  ascent  and  deployment.  Although  little 
empirical  or  analytical  data  are  available  characterizing  such  load  distribu- 
tions, examination  of  balloon  envelopes  which  failed  duriug  deployment 
indicates  that  high  shearing  forces  may  be  applied,  particularly  where  loads 
are  transferred  between  bubbles  or  "ears"  of  gas  near  the  balloon  top  to  the 
undeployed  reserve  of  material  near  the  balloon  axis.  For  the  tests  described, 
a constant  transverse  force  of  about  1.3  pounds  per  inch  was  maintained  to 
minimize  buckling  of  the  specimens.  The  axial  (machine  direction)  load  cor- 
responding to  the  meridional  load  in  a balloon  was  set  at  different  values  in 
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r-I’ixed  Fad  Plate 


14  ii\. 


Clamp  / 

Fine  (2) 


50  in. 


Sleeve  seam, 

3 each,  at  equal 
intervals 


Machine  Direction  / 
(for  sleeve  material) 


V//I 


Transverse  Direction.  Force  P “=  PR 

x 

Machine  Direction  Force  P = PR/2  +F  /(2nR) 

y a 

Shuar  Force:  P = F,n/(2nR) 

xy  T 


P , P , P = Respectively,  the  hoop,  axial  and  shear  membrane 
X ^ force  in  sleeve  (lb/in.) 

2 

P = Differential  air  pressure  across  sleeve  wall  (Ib/in, ') 
R ~ Sleeve  radius  (in.) 

F , FT  = Respectively , the  axial  force  and  tangential  force 
acting  on  the  rim  of  the  moveable  end  plate 


rigurc  4.  Relations  Between  Unit  Membrane  Forces 
in  Cylinder  Specimen  and  Test  Fixture 
Driving  Forces 


each  roplicaLe  specimen  ranging  from  3 to  12  pounds  per  inch.  A shear  load  was 
then  applied  until  failure  occurred. 

Most  of  the  cylinders  failed  catastrophically.  For  the  rest,  failure  was 
assumed  to  have  occurred  when  internal  pressure  could  no  longer  be  maintained 
because  of  localized  failure.  The  cold  chamber  was  then  removed  and  the 
specimen  examined  to  determine  the  location  and  mode  of  failure. 

The  principal  advantages  inherent  in  the  cylinder  test  method  for  evalua- 
tion of  balloon  materials  like  Poly-Plus  are: 

• Biaxial  tensile  and  shearing  loads  can  he  easily  applied 
simultaneously  in  simulation  of  the  most  extreme  conditions 
encountered  by  free  flight  balloon  materials  during  deployment. 

• The  specimen  size  is  very  large  compared  to  the  yarn  spacing 
and  scam  width  which  is  more  representative  of  the  situation 
in  a balloon  structure  than  the  conditions  applied  for  unixial 
tensile  tests  of  1 or  2 inch  wide  strips. 

• The  biaxial  stress  field  remains  uniform  over  most  of  the 
specimen  even  when  the  material  deforms  in  contrast  to  biaxial 
testing  of  a circular  or  elliptical,  pressurized  diaphragm 
where  the  highest  stress  is  always  applied  at  the  center. 

• Edge  effects  such  as  tearing  from  nicks  and  scratches  in  a cut 
sample  are  eliminated  since  the  cylinders  have  no  unrestrained 
edges . 

Some  of  the  less  desirable  features  of  cylinder  testing  are: 

• Test  planning  requires  much  care  because,  of  the  many  possible 
load  combinations  and  many  tests  may  be  required  to  adequately 
characterize  a material. 
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• Specimen  preparation,  specimen  mounting  and  load  application 
generally  require  considerable  time. 

• The  fabricated  diameter  of  the  specimen  must  be  closely  controlled 
to  prevent  stretching  or  wrinkling  at  the  clamp  line  during 
mounting. 


3.3  Uniaxial  Seam  Tensile  Tests 

One  inch  wide  specimens  were  cut  parallel  to  the  diagonal,  transverse 
direction  yarns  and  tested  at  23°C  on  an  Instron  Model  114,  in  accord  with 
ASTM  Method  D 882,  except  the  grip  separation  was  increased  to  5 inches. 


Control 

Specimen 
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3 . 4 Film  Hole  Invos ligation 

The  blocking  or  "st irking"  characteristics  of  the  exposed  adhesive  were 
evaluated  by  pressing  the  adhesive  side  of  2-inch  wide  strips  of  Poly-Plus 
against  various  surfaces  with  a dead  loud  of  3 pounds  per  square  inch.  The 
load  was  applied  for  a 24-hour  period  at  23°C  and  65°C  (150°F)  and  the  force 
required  to  peel  off  the  2-inch  strip  was  measured  on  an  Instron  testing 
machine.  At  least  three  specimens  were  tested  at  each  of  the  following 
conditions,  using  Poly-Plus  material  from  a cylinder  specimen  that  had  a 
particularly  large  number  of  holes. 


Condi lion 

Temperature 
at  5 psi, 
24  hours 

Surface  in  Contact 
with  Adhesive  Side 
of  Poly-Plus 

Surface  Treatment 

1 

23  °C 

Adhesive  side, 
Poly-Plus 

None 

2 

63°C 

Adhesive  side, 
Poly-Plus 

Hone 

3 

65°C 

Adhesive  side, 
Poly-Plus 

Dusted  with  powdered  talc 

4 

C»5°C 

Adhesive  side, 
Poly-Plus 

Dusted  with  cornstarch 

5 

65°C 

Film  Side,  Poly- 
Plus 

None 

This  test  is  a standard  method  used  to  determine  the  blocking  characteristics 


of  coatings  and  exposed  adhesives  on  balloon  materials.  The  temperature  and 
pressure  are  repr,  atative  of  extreme  conditions  to  which  the  folded  balloon 
material  may  be  subject  ring  storage.  Condition  1 corresponds  to  tempera- 

tures likely  to  be  encountered  during  balloon  assembly.  Condition  5 corresponds 
to  the  arrangement  produced  when  a strip  of  material  is  wound  on  itself  in  roll  form 
for  storage  purposes. 
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4 . 0 RESULTS 
4.1  Cylinder  Tests 

Cylinder  test  failure  data  for  the  three  seen  types  are  presented  in  the. 
table  below,  and  plotted  in  Figure  5. 


Cylinder  Test  Failure  Data  at  -90°F  for  Three  Types 
of  Poly-Plus  Seams 


Seam 

Type 

Sample 

Letter 

Membrane 

Force  at  Failure  (lb/in.) 

Hoop  (Py) 

aaouafia 

Shear  (P  ) 
xy 

A 

■ iia  ■ 

3.6 

5.04 

B 

6.6 

6.27 

1 

C 

1.26 

9.6 

4.66 

D 

1.26 

12.61 

2.47 

E 

4.04 

7.96 

2.42 

A 

! 

12.61 

4.06 

B 

wmm,^ Jsiii 

12.6 

3.67 

3 

C 

1.23 

9.6 

3.23 

D 

1.18 

6.57 

4.07 

E 

1.21 

3.58 

4.01 

A 

Hnnai 

3.61 

4.75 

B 

1 

6.61 

3.81 

4 

C 

1.26 

9.61 

2.97 

D 

1.26 

12.61 

0.0 

E 

1.26 

12.61 

0.0 

The  trend  of  the  data  for  seam  types  3 and  4 is  similar  to  the  cylinder 
test  data  reported  in  Reference  1.  Cylinder  seams  for  the  tests  in  Reference  1 

were  similar  to  seam  type  4,  except  no  edging  tapes  were  used  and  the  bi-tape 

was  ST-300  tape. 

Figure  5 indicates  that  seam  type  1,  which  has  no  yarn  reinforcement  in 
the  overlapping  tape,  will  sustain  slightly  higher  shear  loads  for  axial  loads 
from  about  3 to  10  pounds  per  inch. 


Figures  6,  7,  and  8 illustrate  the  pattern  of  failure  exhibited  by  each 
cylinder  specimen  tested.  The  diagrams  represent  the  cylinder  surface  when  the 
sleeve  is  cut  parallel  to  the  axis  and  layed  flat.  The  cylinder  end  at  the 
right  in  each  diagram  was  clamped  to  the  moveable  end  plate.  Most  of  the 
failures  occurred  nearest  to  the  moveable  plate  which  may  be  attributed  to  the 
temperature  difference  along  the  specimen  axis.  Coolant  circulated  over  the 
specimens  from  right  to  left,  producing  a temperature  gradient  of  about  l°F/ft. 

The  material  tended  to  fail  along  the  transverse  direction  (TD)  when  the 
machine  direction  (MD)  load  was  high  (Figure  6d,  Figure  7A  and  B and  Figure 
8D  and  E) . Similarly,  when  shear  loads  were  high  compared  to  MD  and  TD  loads, 
failure  occurred  diagonally  at  an  angle  approximately  90  degrees  from  the 
direction  of  principal  stress  (Figure  6A,  Figure  7C,  D,  and  E,  and  Figure  8C). 

A considerable  number  of  localized  failures  occurred  in  the  angle  formed  by  a seam 
and  the  clamped  end  (Figure  6 C and  E,  Figure  7C  and  Figure  8A  and  B). 

The  undesirable  effect  of  overlapping  tapes  which  have  yarn  reinforcement 
in  the  machine  direction,  like  seam  type  4,  is  shown  by  the  failure  pattern 
in  Figure  8D  and  E.  The  higher  modulus  along  the  seam  axis  due  to  the  extra 
overlapping  tape  yarns  caused  cylinder  failure  to  originate  in  the  seam  when 
the  axial  load  was  raised  to  12.6  pounds  per  inch  before  any  shear  load  was 
applied . 

Virtually  all  of  the  failures,  whether  localized  or  general,  were 
accompanied  by  yarn  fractures  along  the  path  of  the  tear  in  the  film.  This 
is  in  contrast  to  the  cylinder  failure  patterns  noted  for  Mylar,  polyester 
film  reinforced  with  Dacron  (Reference  3)  which  typically  involves  film 
rupture  only,  leaving  the  yarns  intact.  This  may  be  attributed  to  the  greater 
yarn  modulus  to  film  modulus  ratio  for  Poly-l’lus  compared  to  reinforced  Mylar. 
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Based  on  small  deflection-linear  strain  theory,  Reference  4 shows  that  yarn  stress 
at  failure  for  a Dacron-polyethylene  composite  like  Poly-Plus  will  be  considerably 
higher  than  for  one  of  Dacron  and  polyester  film. 

4.2  Uniaxial,  Seam  Tensile  Tests 

The  break  strength  at  23°C  in  pounds  per  inch  of  five,  one-inch  wide  coupons 
cut  on  the  diagonal  (para.  3.3)  are  given  below: 


Material 

1 

2 

3 

4 

5 

Average 

Seam  Type  1 

9.3 

9.0 

9.4 

9.3 

9.4 

9.3 

Seam  Type  3 

9.6 

9.3 

9.2 

9.7 

9.3 

9.4 

Seam  Type  4 

9.8 

9.2 

9.3 

9.3 

9.3 

9.4 

Control 

9.3 

9.3 

9.2 

9.3 

9.9 

9.4 

These  results  do  not  represent  the  true  strength  at  60  degrees  to  the  machine 
direction  since  half  of  the  transverse  yarns  were  severed  in  cutting  the 
one-inch  wide  samples.  They  do  indicate  that  all  of  the  scam  types  have 
nearly  equal  capacity  to  transfer  the  load  from  one  panel  of  Poly-Plus  to  the 
other . 


4.3  Film  Hole  Investigation 

Examination  of  the  holes  discovered  in  the  film  under  magnification  of  50  to 
1 and  100  to  1 clearly  showed  that  a small  piece  of  film  was  missing  in  each 
and  that  the  edges  of  the  holes  were  stretched  and  rippled,  characteristic  of 
room-temperature  tearing  of  polyethylene  film.  It  was  also  noted  that  the 
holes  appeared  at  various  locations  along  straight  marks  on  the  film  of  the 
same  width  as  the  yarn.  These  marks  were  probably  caused  by  yarns  laid 
against  the  film  when  the  material  was  folded  for  shipment.  The  missing  area 
of  film  in  each  hole  is  characteristic  of  "point  blocking"  or  localized  adhesion 
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of  the  film  to  the  next  layer  of  material  when  the  material  is  wound  in  rolls 
or  folded.  Punctured  holes  as  caused  by  penetration  of  the  film  by  a hard  sharp 
particle  or  corner  would  normally  have  all  of  the  original  material  attached 
around  the  opening. 


The  results  of  the  blocking  tests  described  in  3.4  were  as  follows: 


Condition 

1 

2 

3 

4 

5 

Blocking  Force  (g) 

< 0.01 

50.  ave., 
500  max. 

< 0.01 

< 0.01 

< 0.01 

The  Tnstron  measurement  threshold  is  10  mg.  At  condition  5,  the  surface 
remainded  bonded  until  a force  less  than  this  threshold  was  applied.  At 
conditions  1,  3,  and  4,  the  weight  of  the  2-inch  specimen  was  sufficient  to 
separate  the  surface  when  the  specimens  were  picked  up.  For  condition  2, 
about  half  of  the  specimens  exhibited  at  least  one  small  (0.03"  diameter) 
section  of  film  torn  out  of  the  film  by  point  blocking  to  an  adhesive  coated 
yarn  on  the  neighboring  surface.  Under  magnification,  these  holes  resembled 
holes  found  in  the  cylinder  specimens. 
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5.0  CONCLUDING  REMARKS 


As  observed  in  a previous  evaluation.  Reference  2,  the  strength  of  the 
various  seams  tested  is  very  similar  when  applied  to  the  particular  Poly-Plus 
configuration.  Scams  of  type  1 with  unreinforced  tapes,  appear  to  carry  equal 
or  higher  loads  than  the  other  two  types.  Seam  type  3 permitted  the  Poly- 
Plus  to  carry  slightly  higher  combined  loads  as  indicated  by  the  consistent 
general  failures.  Figure  7.  Type  A scams  tend  to  assume  a disproportionate 
share  of  the  load  parallel  to  the  seam  axis  because  of  extra  yarns  added  with 
the  overlapping  tapes.  This  could  cause  balloon  wall  failure  at  some  meridional 
load  below  the  ultimate  strength  of  the  Poly-Plus. 

Seam  type  1 is  probably  adequate  for  fabrication  of  a balloon  from  Poly- 
Plus  composites  having  the  same  number,  angle  and  size  (2  per  inch,  60  degrees, 
220  denier)  for  the  transverse  yarns  as  the  material  tested.  If  more  or  heavier 
transverse  yarns  are  used,  it  may  be  necessary  to  use  a seam  of  type  3 with  yarns 
added  transverse  to  the  overlapping  tape.  In  these  tests,  the  overlapping  tape 
yarn  was  set  at  84  degrees  to  the  tape  axis  while  the  Poly-Plus  yarns  were  set 
at' 60  degrees.  Experience  with  similar  tapes  on  reinforced  Mylar  balloons 
indicates  that  such  tape  reinforcement  is  most  efficient  when  the  yarn  angle 
matches  the  angle  of  tiie  transverse  yarns  in  the  material  being  joined. 

The  numerous  small  holes  observed  in  the  film  of  the  Poly-Plus  cylinder 
specimens  appear  to  be  caused  by  localized  adhesions,  or  blocking,  produced 
when  the  material  is  folded  and  stored  at  slightly  elevated  temperatures  (less 
than  65°C).  This  condition  is  obviously  unacceptable  for  a balloon  material 
because  of  potential  leakage  problems.  Similar  difficulties  were  encountered 
with  Dacron  reinforced  Mylar  in  1960  when  this  material  was  initially  developed 
for  balloon  use.  The  solution  to  that  problem  was  to  modify  the  chemical  process 
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and  reactants  used  in  curing  the  adhesive  and  to  apply  a powdered  release  agent 
such  as  cornstarch  to  the  adhesive  side  of  the  composite. 

The  results  of  the  blocking  tests  indicate  that: 

(a)  Holes  like  those  observed  in  the  cylinders  are  produced  when 
the  untreated,  adhesive  side  of  the  Holy-Plus  is  folded  against 
a like  surface  and  subjected  to  a pressure  of  5 psi  at  65°C 
for  24  hours.  This  produces  a general,  low  level  bond  between 
the  surfaces  as  well  as  locallized  bonds  sufficient  to  pull 
out  pieces  of  film. 

(b)  No  significant  bonding  is  observed  under  the  same  conditions 
when  the  one  surface  is  dusted  with  powdered  talc  or  corn- 
starch. Experience  with  heat  seams  on  polyethylene  balloons 
and  adhesive  seams  on  Mylar-Dacron  balloons  suggests  that  such 
powdered  agents  should  not  be  applied  to  a balloon  until  scans 
are  complete  to  avoid  degrading  the  bonds.  Reinforced  Mylar 
balloons  are  normally  treated  in  this  manner  by  applying 
cornstarch  at  the  rate  of  5 pounds  per  1000  square  feet. 

This  increases  the  material  weight  by  3 to  6 percent. 

(e)  Peel  bond  strengths  of  less  than  5 mg  per  inch  are  produced 
at  the  same  conditions  when  the  "adhesive-yarn"  side  of  one 
pie.ee  of  material  is  against  the  "film"  side  of  another. 

This  reduced  effect  may  be  attributed  to  the  film  surface 
treatment  (etching  by  electrical  discharge).  This  treatment 
is  applied  only  to  the  side  -which  is  bonded  to  the  yarns. 

(d)  No  significant  bonds  were  observed  under  the  same  conditions 
as  (a)  when  the  temperature  was  maintained  at  23°C.  This 


suggests  that  the  material  could  be  handled  and  folded  during 
balloon  assembly  without  the  use  of  a powdered  release  agent , 
provided  the  temperature  in  the  assembly  area  is  controlled. 
Since  temperature  during  transport  and  storage  of  the 
completed  balloon  is  difficult  to  control , a Poly-Plus 
balloon  made  with  the  same  adhesive  should  be  dusted  with 
a release  powder  immediately  after  assembly. 
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INTRODUCTION 

Sheldahl,  under  ONR  Contract  N00014-72-C-0494  (item  11),  designed 
and  fabricated  two  11.5  ft.  diameter  (Twerle  class)  Kevlar  scrim 
(G1345  material)  balloons.  The  instrumented  balloons  are  to  be  flown  by 
NCAR  to  obtain  supertemperature  data  for  the  G1345  material.  This  is  of 
primary  interest  since  the  material  is  a candidate  material  for  HASPA 
(High  Altitude  Superpressure  Aerostat).  Two  candidate  solar  arrays  for 
HASPA  will  also  be  tested  under  actual  flight  conditions.  The  solar  arrays 

I 

are  supplied  by  NRL. 

i 

This  report  covers  G1345  material  tests,  deviations  in  construction 

i 

from  Twerle  specs,  and  Inflation  tests.  j 
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1.0  MATERIAL 


2 

G1345  Is  a laminate  of  1 mil  Mylar  by  1.0  oz/yd  Kevlar  29  scrim 
(F011600).  The  Kevlar  scrim  is  10  x 10  count,  200  denier  thread,  with  a 
leno  weave. 

1.1  SIZING 

Previous  runs  of  this  material  produced  a laminate  unsuitable  for 
superpressure  balloons.  Wavy  and  slack  yarns  would  cause  the  Mylar  to 
fail  before  the  yarns  could  be  loaded.  Due  to  the  stiffness  of  the  Kevlar 
yard,  normal  methods  used  to  straighten  the  weave  pattern  proved  ineffective. 
Therefore,  it  was  decided  to  size  the  scrim  with  a 3 percent  solution  of 
' A-28  adhesive  as  it  was  rolled  off  the  loom.  This  proved  very  effective 
and  produced  a stable  and  well  aligned  scrim.  The  supplier  was  not  equipped 
to  size  the  scrim, so  a tank  and  roller  was  jury  rigged  to  size  the  material. 
Areas  of  excessive  adhesive  were  apparent  and  in  places  was  sufficient  to 
close  windows.  Properly  designed  equipment  would  eliminate  the  problem. 

1.2  BLOCKING  TESTS 

Because  of  the  areas  of  excessive  adhesive,  blocking  tests  were  conducted. 
No  tackiness  was  observed  at  ambient  temperature.  Only  one  sample  (all  windows 
closed)  registered  a readable  value  (0.3  lb)  at  160°.  Test  method  was  Q-41 

I 

(sample  weighted  with  20  lbs  for  24  hours  at  temperature).  I 

I 

1.3  INSPECTION  TESTS 

Test  data  from  the  inspection  record  are: 

(average  of  5 tests) 

MD  TD 

| 

1.0  inch  tensile,  lb/in  (Q-92) 

Room  temperature  156  I 139 

-90°E  149  121 

1.0  inch  scrim  peel  (Q-66)  1.8  lb/in*  _ 

Laminate  weight  (aized  acrim)  7.603  gm/ft  • 2.41  oz/yd 

Permeability  0.87  L/M2/day 


1.4  CREASE  EFFECTS 


It  was  found  that  creasing  the  laminate  significantly  degrades  the 
material.  Average  values  for  five  creased  samples  (accordion  folded 
tensile  specimen  creased  between  thumbnail  and  forefinger)  are  102.0 
lb/in  for  sized  scrim  and  98.4  lb/in  unsized  scrim.  This  is  65Z  and 
63%  of  the  uncreased  material.  These  were  MD  tests. 

For  the  test  spheres,  this  does  not  represent  a problem.  It  Is  of 
importance  for  HASPA  since  the  material  will  be  stressed  to  60  lb/in. 

Although  funds  were  not  available  to  conduct  an  exhaustive  test  program, 
limited  tests  were  conducted. 

A summary  of  test  results  are  presented  without  drawing  any  conclusions. 
The  intention  is  to  stimulate  thinking  for  further  tests.  Initial  tdsts 
made  a quick  check  to  determine  the  effect  of  jaw  separation  and  crosshead 
speed . 

TEST  DESCRIPTION  RESULTS 

Break  Strength  Percent 

> (lb/in)  j Elongation 


A 

Ave.  of  5 tests  (MD) 

control 

156 

- 

3"  jaw  x 2" /min  CH  (crosshead)  creased 

102 

- 

B 

2 samples  (MD) 

160 

5.6 

3"  jaw  x 1.2" /min  CH 

157 

i 

5.6 

C 

8"  jaw  x 1. 2"/min  CH 

190 

5.1 

D 

8"  jaw  x 1. 2”/min  CH 

143 

4.1 

zee  fold,  creased 

75%  of  uncreased 

failure  occurred  in  the 

scrim 

to  scrim  fold  line 

E 

380  denier  untwisted 

control 

16.75  lb 

i 

4.7 

Kevlar  49  yarn 
3"  jaw  x 0.2" /min 

creased 

16.75  lb 

' 

4.7 

F 

-90°F,  TD  sample 

control 

168 

5.5 

2"  jaw  x 0.2" /min  CH 

creased 

194 

6.5 

Creased  sample  was 

a zee  fold. 

Failure  occurred  at  the 

scrim 

to  scrim  fold  line. 

Notes:  All  of  the  tests  except  F were  conducted  at  room  temperature.  Test  F 

was  the  only  TD  test.  The  yarn  used  in  Test  E was  Kevlar  49,  whereas 
the  scrim  yarn  is  Kevlar  29. 


2.0  CONSTRUCTION 


The  spheres  were  fabricated  to  specification  S015700  (Type  I)  with 
the  following  deviations: 

1.  G1345  substituted  for  G004701  (scrim  out). 

2.  D026007  (550#  nylon  line)  with  the  core  stripped  out  for 
D055400  (Harness  lines). 

3.  End  cap  installed  with  a butt  seal  rather  than  overlap  seal. 

4.  Tape  made  from  G1345  replaced  the  T3A0007  tape. 

5.  Patches  for  attaching  the  solar  arrays  were  added  to  the  top 
end  cap. 

2.1  SUBSTITUTE  HARNESS  LINES 

Since  no  flat  tubular  nylon  line  (D055400)  was  in  stock,  the  core  was 
stripped  out  of  550  lb.  line  (D026007).  The  result  was  a pliable  flat 
tubular  line.  Average  values  for  five  tests  were  47  percent  elongation  and 
288  lb.  break  strength. 

2.2  END  CAPS 

Figure  1 shows  the  end  cap  installation.  The  butt  seal  end  cap  design 
was  used  to  provide  good  sealability,  while  maintaining  a strong  load  path 

between  the  gores  and  end  cap.  It  allows  a Mylar  to  Mylar  bond  by  using 

I 

a continuous  ring  (made  from  tape  stock)  on  the  inside.  A segmented  ring 

i 

(made  from  G1345  tape  stock)  was  used  on  the  exterior  with  a scrim  to  scrim 
bond.  The  segmented  ring  was  used  because  it  approximates  radial  alignment 

i 

of  the  scrim. 

i 

2.3  KEVLAR  SCRIM  TAPE 

Structural  tape  was  made  by  coating  G1345  laminate  with  2.5  mils  A- 28 

J 

adhesive  and  slitting  to  1.5  inch  width  (adhesive  applied  to  scrim  side). 
Gore  seals  were  made  on  the  traveling  sealer.  Test  seals  were  made  for  four 
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temperatures  at  five  feet  per  minute.  Three  tensile  specimens  were  tested 
at  ambient  and  at- -90°F  for  each  test  seal  (3  inch  jaw  at  0.2  in/mln).  One 
ambient  peel  test  of  each  tape  was  conducted  on  the  test  seals.  Peel  test 


method  was  Q-66, 
Sealing 

Temperature  °F 

method  A. 

Average  of 
Ambient 

. 

1 

i 

3 Tensiles 
(lb/in)  -90°F 

; 

' 

Tape  Peel 
Scrim 

(lb/in) 

Mylar 

340 

178 

196 

43 

3.6 

360 

151 

175 

39 

4.5 

380 

175 

! 

167 

36 

5.0 

400 

176 

181 

34 

6.0 

Based  on  these  tests,- gore  seals  were 
minute. 

2.4  ATTACHMENT  OF  SOLAR  ARRAYS 

made  at  340  traveling 

five  feet 

■ 

1 

per 

A .sketch  of 

an  attachment  patch 

is  shown  in  Figure  2. 

The  line  is 

attached  to  the  I section  by  means  of  a clove  hitch.  This  allows  some 
adjustment  when  installing  the  arrays.  If  further  adjustment  is  required, 

the  polytape  can  be  peeled  off  and  the  patch  relocated.  The  poly  tape  does 

| 

not  adhere  well  to  the  scrim.  Therefore,  the  patches  must  be  located  on  the 
end  cap  tape  or  the  gore  tapes.  This  was  taken  into  consideration  when 

making  the  original  array  templates.  One  patch  was  pulled  in  the  instron 

{ 

machine.  Fourteen  pounds  were  required  to  pull  the  patch  off. 
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3.0  STRAIN  MEASUREMENT 


Several  inflations  were  required  due  to  a problem  encountered  with 
repairing  leaks.  This  presented  an  opportunity  to  obtain  additional  strain 
information. 

3.1  CALCULATED  STRAIN 

To  determine  the  composite  modulus  (Ec),  it  is  necessary  to  obtain  the 
volume  ratios  of  the  constituents.  It  is  assumed  that  the  adhesive  is 
equivalent  to  the  Mylar  and  can  be  included  In  the  films  volume  ratio.  Volume 
ratios  can  be  determined  by  using  the  density  and  effective  thickness  of  the 
constituents.  For  G1345  material: 


Effective  film  thickness,  t^  ■ 1.5  mil 
Effective  yarn  thickness,  ty  ■ 0.9  mil 
Effective  composite  thickness,  t£  » 2.4  mil 
Volume  ratio  yarn,  V^  * 0.377 
Volume  ratio  film,  V^  » 0.623 

The  effective  stress  in  the  composite  ( a can  be  determined  as: 


AP  R 


c 2 t 


where: 


AP  • Superpressure,  psi 
R - Radius,  inches 


Yarn  stress  can  be  computed  from: 

0 t - 0.5  at  + tf  (^f  * 


<i  > 


" c 77  ‘ (Ey  ) <1-Vf) 

Vf  ■ Poisson's  ratio  of  the  film  (0.3) 


S7 
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Film  stress  is  computed  from: 

oe -h.  > 

Ey  (l-vf) 


The  composite  modulus  is  computed  as: 

C ■ I V J.  T7 


E - E V + E, 
c y y f 


(l-vf) 


Based  on  weight  estimates,  the  balloons  will  float  at  156  mb. 


assuming : 


14Z  free  lift 


+ 10Z  supertemperature 
E - 8.74  x 106 

y 

Ef  - 0.6  x 106 

the  following  values  are  obtained. 


E « 3.82  x 10  psi 
c 

O - 8,247  psi 
c 

0 - 33,000  psi 

y 

■ 3240  psi 

_3 

strain  - 2.2  x 10  in/ in 


The  percent  strain  at  a differential  pressure  of  25.0  inches 
of  water  is  0.34Z. 


3.2  STRAIN  FROM  INFLATION  TESTS 


Strain  information  was  obtained  from  a 36  inch  gage  (Shel-meter  type) 

i 

and  by  measuring  the  balloon  diameter  on  gore  centerline  and  on  a gore  seal. 

I 

The  balloons  are  identified  as  number  1 and  2,  and  are  marked  on  the  Inflation 


handles. 


i 


Two  Inflations  were  made  for  balloon  No.  2.  Percent  strain,  based 
on  the  36  inch  gage,  is  presented  in  Figure  3.  In  addition,  three  points 
were  measured  during  deflation  to  measure  any  permanent  deformations.  Figure  4 
presents  percent  strain  as  determined  from  diameter  measurements  during  the  first 
inflation.  Figure  5 shows  the  percent  strain,  based  on  the  36  inch  gage, 
for  balloon  No.  1.  The  same  scales  were  used  and  the  figures  can  be  compared 

i 

directly.  Raw  data  are  recorded  in  lab  notebook  528  (p. 21-23). 


4.0  LEAK  REPAIR 


It  was  found  that  normal  techniques  of  repair  for  superpressure  balloons 
could  not  be  used  on  the  Kevlar  spheres.  This  was  due  to  the  scrim  being  on 
the  outside.  Test  repairs  of  0.04  mm  (0.0016  in.)  diameter  holes  were  made 
on  G1345  diaphragms.  Tests  included:  RTV,  5 minute  epoxy,  painting  with 

A- 28,  and  A- 28  with  poly  tape.  An  effective  repair  could  be  made  with 
either  the  epoxy  or  A-28.  Since  the  A-28  repair  was  more  pliable,  painting 
with  A-28  was  selected  as  the  repair  method.  Small  holes,  .04  mm  could  be 
repaired  at  16  inches  of  water  pressure.  Holes  as  large  as  a complete  window 
could  be  repaired  at  zero  pressure.  It  was  decided  to  mark  the  holes  detected 
at  16  inches  of  water,  deflate  to  one  inch  of  water,  and  then  paint  the  holes. 

In  this  manner,  the  certainty  of  the  repair  was  improved  while  maintaining 

| 

the  shape  until  the  adhesive  dried. 

. 

A total  of  8 holes  were  repaired  on  balloon  No.  1.  Three  holes  (closely 
spaced)  appeared  to  be  a result  of  blocking.  They  did  not  occur  in  an  area 
of  excess  adhesive.  Five  holes  were  repaired  on  balloon  No.  2.  The  majority 
of  the  holes  appeared  along  or  near  yarns  and  were  not  visible.  Holes  that 
were  visible,  except  the  three  discussed  previously,  appeared  to  be  a result 


of  handling.  In  addition,  the  end  cap  seals  were  painted  on  balloon  No.  1. 
It  was  not  ascertained  why  the  end  caps  of  one  balloon  leaked  and  not  the 


4 

5.0  PACKING  AND  SHIPPING 

The  balloons  were  shipped  in  a wood  box  approximately  24"  x 48"  x 18" 

(inside  dimensions).  A divider,  fully  supported  from  top  and  bottom, 
separated  the  balloons.  Each  balloon  was  folded  to  one  gore  width,  end 
cap  pads  installed,  and  then  sealed  in  a 36"  poly  sleeve.  Lengthwise 
folds  were  then  made  with  foam  logs  at  the  fold  line.  Each  folded  balloon 
was  then  placed  in  an  envelope  of  vapor  barrier  material  and  sealed. 

Additional  protection  was  furnished  by  lining  each  half  of  the  box  with 
bubble-poly. 

i 

Note:  each  balloon  weighed  4181  gms  as  measured  by  a solution  ballance. 

i 
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END  FITTING  REPORT  (OUTLINE  I) 


1.  Introduction 

2.  Requirements 

3.  Previous  Designs 

U.  Alternative  Designs 
5.  Recommended  Designs 
Requirements 

1)  Transfer  individual  load  from  Poly  Plus  to  Fitting 

2)  Seal  balloon  ends 

3)  Minimum  cost — Cheap  material j Simple  to  fabricate;  Simple  to  install 
h)  Provide  mounting  surface  for  valve(s),  instruments,  etc. 

5)  Provide  mechanical  link  to  payload  train. 

Assumptions 

Natural  shape  balloons — load  at  base 

End  Section  form  of  balloon — cylinder,  TT,  tailored 

Requirements 


Primary 

Transfer  suspended  point  load  into  individual  stree  field  of  balloon  fabrics 
Provide  gas  tight  closure  of  balloon  ends  (flow  rate < lcc/sec ) 

At  minimum  cost — material,  fabric,  installation 

Secondary 

Provide  mounting  surface  for  valves,  instruments,  cable  connectors,  etc. 
Assumptions 

Natural  shape  balloon  - load  at  base 
End  section  forms 

Safety  factors  — *s6:l  on  soft  material 
5:1  on  hardware 
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INSTALLATION  OF  LOOP  SEAL  END  FITTINGS 


P«3«  1 of  ■■  — .2 

Specification  NO.  P000117. 

Dale  luytJ  — 

Revision ■■  , ^ . 
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/s.3.2  Duct  Elliptical  Pruning  - Each  duct  opening  in  the  balloon 

/wall  shall  have  an  elliptical  shape  characterized  by  a ratio 

(major  diameter  to  minor  diameter),  of  2/1.  This  opening  shall  be 
so  oriented  as  to  make  the  major  axis  of  the  ellipse  coincide  with 
the  respective  balloon  gcre  seam  within  1/8  inch. 

/ 5.3.3  Duct  Heat  Seals  - The  heat  6eals  used  in  making  a duct 

assembly  and  joining  a duct  to  the  balloon  wall  around  the  elliptical 
opening  shall  conform  to  section  5.1.1  of  this  specification.  The 
j heat  seals  used  to  join  a duct  to  a balloon  gore  seam  hem  may  be 

* intermittent,  with  unsealed  lengths  not  exceeding  1/2  inch.  All 

f tucks  in  the  duct,  required  to  compensate  for  balloon  curvature, 

shall  be  heat  sealed  to  the  balloon  gore  seam  hem. 


5.4  Inflation  Tube  - Inflation  tubes  shall  be  constructed  from 
uncolored,  20  inch  layflat  tubing.  Inflation  tube  apertures  shall 
be  circular  in  shape  and  each  inflation  tube  shall  terminate  in  a 
gas  diffuser,  inside  the  balloon.  The  external  portion  of  each 
inflation  tube  shall  be  accordion  folded  and  placed  in  a red 
polyethylene  bag. 


5.4.1  Inflation  Tube  Attachment  - Each  inflation  tube  shall  be 
joined  at  its  aperture  in  the  balloon  wall  by  a heat  seal,  conforming 
to  section  5.1.1  of  this  specification.  This  attachment  shall  be 
reinforced  to  preclude  stressing  of  the  heat  seal  under  normal 
inflation  conditions. 

5.5  End  Tittings 

5.5.1  Bottom  End  Fitting 

5.5.1. 1 Taped  Balloons  - The  bottom  end  fitting  shall  be  a banded 
wedge-collar.  Installation  of  this  fitting  shall  be  in  accordance 
with  drawing  number  CRL-67996D. 

j 

5.5.1. 2 Tapeless  Balloons  - The  bottom  end  fitting  shall  be  a 
wedge-collar  type  in  accordance  with  drawing  number  CRL-63387C. 
Installation  of  this  fitting  shall  be  in  accordance  with 
drawing  CR1/-6799GD  or  CRL-67997D. 

5.5.2  Valve  Top  End  Fitting  - The  top  end  fitting  shall,  be  constructed 
and  installed  in  accordance  with  drawings  CRL-63634D,  CRL-63635D 
and  CRIj-63636B,  except  when  the  tops  of  the  gores  are  specified  to 
be  fully  tailored.  In  the  latter  case,  the  apex  fitting  shall  be  an 
approved  assembly  identical  (in  all  essential  aspects)  to  that 
depicted  in  drawing  number  CRL--64445D. 
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XV.  Problems  Encountered  in  the  Development  of 
the  Stratoscope  II  Flight  System 


6.C.  Efferton,  Jr.,  and  J.P.  Jackson 
Vitro  Laboratories 
Silver  Spring,  Maryland 


Abstract 


The  balloon  development  phase  of  the  Stratoscope  II  Program  began  in  the  Fall 
of  1960.  At  that  time,  the  design  of  the  telescope  was,  for  all  practical  purposes, 
complete  and  fabrication  was  in  progress.  Flight  system  requirements  were  es- 
tablished with  certain  limitations  imposed  by  the  instrument  design.  It  was  imme- 
diately obvious  that  Stratoscope  II  requirements  were  pushing  the  state-of-the-art 
in  ballooning  and  that  some  pioneering  in  the  development  of  heavy- load  high- altitude 
techniques  would  be  necessary.  The  principle  problems  encountered  during  the 
balloon  development  phase  were  related  to  and  grew  out  of  the  sensitivity  of  the 
Stratoscope  11  telescope  to  ground  handling,  launching  and  recovery  shocks;  the 
requirement  for  a night  flight;  the  unprecedented  weight  of  the  payload;  the  need 
for  a reasonable  standby  time  when  the  system  was  flight  ready;  and,  the  need  for 
a single  all-year  -round  launching  site.  Problems  were  approached  and  solved 
during  a period  of  analysis,  design,  fabrication,  laboratory  and  actual  full-scale 
field  te3ts  culminating  in  a fully  instrumented  scientific  flight  in  March  of  1963. 

Since  that  time,  the  flight  system  has  been  under  continuous  review  and  modifica- 
tion to  improve  its  reliability.  i 


I'ltimi. i;ms  iiksi  mini;  i hum  tih:  i ni’iiki  kim,vii:i)  w tiik  payload 
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At  the  outset  of  the  program  it  was  realized  that  the  gross  lift  of  this  system 
would  far  exceed  that  of  any  previous  high-altitude  plastic  balloon.  Although  poly- 
ethylene balloons  of  a size  that  would  contain  the  required  helium  had  been  suc- 
cessfully flown  to  high  altitudes,  this  material  had  not  been  proven  in  the  really 
heavy  load  area.  Therefore,  a search  for  other  balloon  fabrics  was  initiated.  Of 
all  the  various  materials  investigated,  the  0.1.  Schjeldahl  Company's  laminate  of 
mylar  film  and  dacron  scrim  seemed  to  hold  the  most  promise.  This  material 
has  proven  itself  capable  of  handling  the  heavy  Stratoscope  II  loads  with  high  relia- 
bility. Problems  encountered  in  the  balloon  development  phase  were  never  asso- 
ciated with  a failure  of  the  material  itself.  Problems  encountered  were  associated 
more  with  the  manner  in  which  the  material  was  secured  in  the  balloon  fittings  and 
in  the  operational  techniques  of  inflation.  Some  of  the  interesting  problems  en- 
countered in  the  development  phase  of  the  balloon  design  are  discussed  in  the 
following: 


5.1.1  END  FITTINGS 

It  was  discovered  early  in  the  program  that  conventional  fittings  would  not 
utilize  the  full  strength  capable  of  the  scrim/mylar  fabric.  A redesign  of  the 
fittings  to  eliminate  weak  points  was  accomplished  after  a flight  attempt  failed 
because  of  material  tearing  away  at  the  top  fitting.  A technique  for  attaching  the 
balloon  fabric  to  a hoop  at  each  end  of  the  balloon  proved  very  successful.  The 
hoop  to  which  the  material  was  attached  was  in  turn  held  in  a top  or  bottom  fitting 
of  more  conventional  design.  Figure  5 is  a sketch  of  the  loop-seal  method  of 
securing  balloon  fabric  to  the  end  fittings.  Tests  to  check  the  capability  of  this 
attachment  procedure  indicated  very  little  loss  of  fabric  strength  at  the  end  fittings. 

5.1.2  SEALING  OF  SCRIM  MATERIAL 

The  sealing  of  scrim  material  presented  a problem  in  that  it  was  difficult  to 
prevent  passage  of  helium  around  and  through  the  actual  scrim  fibers  w n the  scrim 
material  was  lapped  at  the  joints.  This  problem  was  solved  by  butting  the  gore 
edges  together  with  a plain  no-scrim  mylar  tape  secured  to  the  smooth  side  of  the 
balloon  material  for  gas  seal.  On  the  outside  of  the  seal  where  the  gore  edges 
butted  together  a scrim/mylar  tape  was  secured  to  provide  the  strength  bond  be-. 

tween  gores.  Thi3  bi-tape  seal  technique  solved  the'  problem  of  helium  leakage. 

» 

5. 1.  3 MULTIPLE  INFLATION  TUBES 

The  heavy  weight  of  the  payload  and  the  associated  balloon  system  meant  a large 
volume  of  helium  for  initial  Inflation.  To  reduce  the  inflation  time  the  balloon  was 


GAS  SEAL 


BALLOON  MATERIAL  RING 


BALLOON  MATERIAL 


LOAO  BEARING  SEAL 


Figure  5.  Loop-Seal  End  Fitting 

designed  with  four  inflation  tubes.  These  inflation  tubes  were  designed  to  pass 
helium  from  the  high-pressure  hoses  to  the  balloon  at  the  maximum  rate  available 
from  the  helium  tanks. 


5.2  Uallosl  Limitation 


As  the  program  progressed,  the  weight  of  the  telescope  increased.  To  keep 
the  overall  system  weight  to  a practical  minimum,  we  made  every  attempt  to  limit 
the  ballast  requirements.  After  the  balloon  system  design  was  firm,  the  telescope 
increased  further  in  its  weight  and  this  limited  even  more  the  quantity  of  ballast 
that  could  be  carried.  The  problem  was  one  of  minimizing  the  need  for  ballast. 

The  elimination  of  sunset  ballast  by  launching  just  before  sunset  has  been  discussed 
in  previous  sections  of  this  paper.  The  quantity  of  ballast  for  optimum  control  of 
the  balloon  system  during  the  latter  phases  of  its  descent  was  estimated  to  be  about 
2500  lb  at  the  beginning  of  the  program.  This  weight  of  ballast  was  considered 
minimum  for  useful  control  of  the  balloon  in  selecting  a desirable  impact  area. 
However,  to  further  reduce  the  weight  of  ballast  carried,  it  was  decided  to  allow 
the  balloon  to  descend  continuously  from  ceiling  to  ground  without  pausing  at  some 
intermediate  altitude  for  selection  of  a landing  site.  The  present  operational  tech- 
nique is  to  valve  enough  helium  to  attain  an  initial  descent  rate  of  300  ft/mln  which 
increases  to  approximately  750  ft/min  upon  penetration  of  the  tropopause  without 
further  valving.  The  ballast  is  used  to  adjust  the  final  Impact  descent  rate  to 


and  heat  and  pressure  were  applied.  When  the  balloon  deployed  during 
inflation  and  ascent,  the  tape  unfolded  and  the  seam  assumed  the  attri- 
butes of  a conventional  taped  butt-joint  ( Figure  2 ). 

5.3  CYLINDER  TEST  BALLOONS 

One  5-gore  cylinder  balloon,  40  feet  long  and  5.92  feet  in  diameter, 
was  fabricated  from  the  GT-98  material  laminated  under  Item  I of  the  work 
statement.  Seal  tapes  were  made  of  thread  reinforced  GT-300  tape.  Ihis 

V 

cylinder  was  fitted  with  inflation  and  pressure  taps  while  the  ends  were 
pleated  and  tied  around  a wooden  spool. 

.On  the  first  attempt  at  a superpressure  burst  test  using  air,  one 


end  of  the  cylinder  slipped  off  the  spool  and  opened  at  a pressure  of  2.4 
inches  of  water.  This  was  reassembled  and  sealed  shut  into  a pillow  end  for 
second  test  attempt.  At  3.C  inches  of  water  the  opposite  end  blew  open. 

This  was  also  sealed  into  a pillow  end  and  the  test  repeated  for  a third  time. 

! 

On  the  third  attempt  the  cylinder  was  pressurized  to  4.2  inches  of  water  and 

j 

burst.  Failure  consisted  of  a longitudinal  tear  from  end  to  end  but  not 
crossing  any  seal. 
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the  simulated  balloon. 


The  load  was  applied  in  approximately  1000  pound  increments  with  a 
15-minute  hold  at  each  loading.  The  material  failed  approximately  1 foot  from 
one  fitting  at  4000  pounds.  Applying  a straight  tensile  load  formula  to  this 
test  the  loading  at  rupture  was  found  to  be  2.68  lbs/in. 

After  observing  the  ruptured  material,  it  was  concluded  that  unsymmetrical 
loading  due  to  uneven  pleating  caused  a stress  concentration  in  the  section 
which  resulted  in  a premature  failure  of  the  material.  In  order  to  compensate 
for  this,  as  well  as  to  use  the  experience  from  a banded  end  fitting  failure 
on  a reinforced  Mylar  balloon  fabricated  under  AF  19(628)-4179,  it  was  agreed 
that  another  test  would  be  required  using  a standard  loop  seal  gore  termination 
Loop  seal  fittings  had  been  used  on  all  previous  AFCRL  Mylar  reinforced  bal- 


, Figure  3 

• • * 

A 10-foot,  diameter  superpressure  "onion"  balloon  using  two  18-inch 
diameter  fittings  was  selected  as  the  best  method  to  test  gore;  end  section 
te.rmination. 

The  10-foot  diameter  onion  balloon  having  a cast  magnesium  loop  seal  end 
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fitting  was  inflated  and  observed  to  burst  at  a pressure  of  4 inches  of 
water.  The  theoretical  skin  stress  associated  with  this  pressure  was  4.33 
pounds/inch. 

The  attached  graph  (Figure  4)  represents  the  theoretical  material  stress 
as  a function  of  balloon  pressurization.  The  sphere  stress  equation, 

S = Pr/2,  was  used  to  construct  the  graph.  The  graph  also  shows  the  GT-98 
material  strength,  5.0  lbs/in,  as  determined  by  Instron  tensile  tests  at 
room  temperature.  The  material  stress  of  the  balloon  approximated  this  value 
before  rupture. 

The  rupture  location  was  in  the  bottom  end  fitting  loop  seal  area.  The 
initial  break  was  above  and  adjacent  to  the  loop  seal  in  a single  layer  of 
material.  The  rupture  continued  above  the  loop  seal  for  a distance  of  50 
inches,  crossed  one  seam  and  terminated  at  the  next.  One  end  of  the  break 
turned  at  a seam  and'  tore  the  length  of  the  gore  to  the  top  loop  seal  area. 

j 

The  test  indicated  satisfactory  material  integrity  and  construction 

techniques  throughout  the  sphere  system,  and  it  was  concluded  that  GT-98 

j 

was  adaptable  to  the  loop  seal  technique  of  material  restraint. 

To  test  the  fitting  design,  an  18-inch  diameter  bottom  fitting  was  fitted 

with  a GT-12  loop  seal  load  member,  and  a load  of  3000  pounds  applied  at  the 

j 

attachment  point  on  the  load  beam.  The  cast  magnesium  ring  distorted  approxi- 

I • 

mately  1/4  inch.  When  the  load  was  removed,  however,  the  casting  regained 

i 

its  original  shape.  t As  the  payload  was  not  to  exceed  300  pounds,  it  was  con- 

-- 

eluded  that  the  fitting  was  adequate.  The  load  beam  attachment  should  be  re- 

• • i 

designed  to  better  distribute  the  weight  around  the  circumference  of  the  cast- 
ing to  increase  the  load  capacity  of  the  fitting  for  future  applications. 

I 

After  stressing  the  system  in  the  above  test,  the  loads  w6re  relaxed  and 

j 

S2  i 
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As  a result,  it  was  concluded  that  the  mainstay  lug  lacked  sufficient 
strength  in  the  shackle  attachment  area.  As  a means  of  correcting  the  weak- 
ness, a steel  reinforcement  was  designed,  doubling  the  yield  strength  of  the 
lug.  The  redesigned  mainstay  lug  was  incorporated  into  the  transfer  duct 
and  its  tensile  strength  tested  in  exactly  the  same  manner  as  the  previous 
design.  No  permanent  strain  was  induced  in  either  the  mainstay  lug  or  in 
other  components  of  the  system;  it  was  concluded  that  the  system  possessed 
sufficient  structural  strength. 

5.5  BULK  FACTOR  TEST 

A simulated  gore-end,  bulk  factor,  tensile  test  was  conducted  to  de- 
termine whether  the  bulk  pleating  of  material  on  the  loop  seal  hoop  had  any 
detrimental  effect  on  the  strength  of  the  loop  seal.  On  the  full  scale 

r * 

balloon  the  bulk  of  material  would  be  distributed  around  the  18-inch  diameter 

i 

balloon  material  ring  at  the  rate  of  approximately  32  inches  of  material  per 

| 

inch.  * i 

i 

A 62-1/2-inch  wide  strip  of  GT-98  was  forced  into  a loop  seal  around  a 

j 

3/8-inch  diameter  material  retainer  ring  and  pulled  to  rupture.  A dyna- 

j 

mometer  was  used  to  record  rupture  loads.  The  sample  failed  ajt  a tensile 
load  of  125  pounds;  theoretical  rupture  strength  of  the  sample  is  312  pounds 
(62-1/2-inch  wide  sample  of  strength  5.0  pounds/inch). 

Hie  type  of  failure  was  not  tensile  rupture  but  due  to  a tear  initiated 

. { 

in  the  rough  edges  in  the  middle  of  the  material  sample.  Therefore,  it  was 

■’ 

concluded  that  the  test  was  not  valid.  The  separated  material  was  rejoined 

1 . 

by  tying  the  two  ends  in  a square  knot  with  the  knot  tied  above  the  loop  seal, 

thereby  including  the  double  layer  of  material  in  the  loop  seal  area.  This 

& 

configuration  was  pull  tested  and  failed  at  320  pounds.  This  failure  was  tear 
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initiated  on  the  material  edges,  but  it  did  not  indicate  any  weakness  of  the 
material  in  the  area  wrapped  around  the  3/8-inch  diameter  grommet.  It  was 
concluded  that  this  second  test  was  valid  as  it  showed  that  stacking  and 
pleating  of  material  on  the  grommet  (bulk  factor)  did  not  result  in  any  weak 
ness  at  this  point,  and  that  the  strength  of  the  material  gathered  on  the 

i 

grommet  is  equal  to  the  theoretical  strength  of  the  gore  material. 
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